Significant racial disparities in survival for renal cell carcinoma (RCC) exist between white and black patients. Differences in access to care and comorbidities are possible contributors. To investigate if racial disparities persist when controlling for access to care, we analyzed data from a single-payer healthcare system. As part of a case-control study within the Kaiser Permanente Northern California system, pathologic and clinical records were obtained for RCC cases (2152 white, 293 black) diagnosed from 1998 to 2008. Patient demographics, comorbidities, tumor characteristics, and treatment status were compared. Overall survival and disease-specific survival (DSS) were calculated by the Kaplan-Meier method. A Cox proportion hazards model estimated the independent associations of race, comorbidity, and clinicopathologic variables with DSS. We found that compared to white patients, black patients were diagnosed at a younger age (median 62 vs. 66 years, P < 0.001), were more likely to have papillary RCC (15% vs. 5.2%, P < 0.001), and had similar rates of surgical treatment (78.8% vs. 77.9%, P = 0.764). On multivariate analysis, advanced American Joint Committee on Cancer (AJCC) stage, lack of surgical treatment, larger tumor size, and higher grade were predictors of worse DSS. Race was not an independent predictor of survival. Therefore, we conclude that within a single healthcare system, differences in characteristics of black and white patients with RCC persist; black patients had different comorbidities, were younger, and had decreased tumor stage. However, unlike other series, race was not an independent predictor of DSS, suggesting that survival differences in large registries may result from barriers to healthcare access and/or comorbidity rather than disease biology.
Introduction
Over the last few decades, the incidence of renal cell carcinoma (RCC) has been increasing among all racial groups in the United States, with the largest increase occurring among black patients. Recently, the incidence of kidney cancer in black patients surpassed that of any racial group [1] . Studies have shown various epidemiologic risk factors predisposing for RCC including male gender, chronic kidney disease (CKD), smoking, hypertension, and excess body mass index (BMI) [2] [3] [4] [5] [6] . Many of these risk factors differ among racial groups, contributing to the differences in the epidemiologic trends. It also has been demonstrated that race influences the distribution of histologic subtypes, with black patients having increased frequency of papillary kidney cancer [3, 7] . While black patients may present at an earlier disease stage [8] [9] [10] [11] , paradoxically, survival appears to be worse [10, 12] . Even 
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Racial disparities in renal cell carcinoma: a single-payer healthcare experience when controlling for treatment and various prognostic factors such as stage, tumor size, and grade, a disparity in relative survival still persists between black and white patients with kidney cancer [12] .
Racial differences in survival raise the question whether specific races have more aggressive forms of kidney cancer. Unfortunately in the United States, access to healthcare significantly differs by race [13] , which may largely account for observed cancer-related outcomes due to treatment barriers. Besides possible differences in tumor biology, this could account for the apparent worse survival in black patients with RCC. Data from National Cancer Institute's Surveillance Epidemiology and End Results (SEER) program demonstrates that black patients are less likely to undergo definitive surgical therapy (nephrectomy) [14] [15] [16] . The decreased rate of nephrectomy may be influenced by greater preexisting comorbidities in black patients [14] . However, even when controlling for treatment, other studies have found black patients have worse outcome [12] .
Analyses of survival outcomes using large registries may be unable to account for barriers to care and lead to an improper conclusion that those survival disparities are related to tumor biology. Studies in pediatric cancers have shown that differences in cancer-related outcomes disappear when evaluated within a single healthcare system [17] ; however, in kidney cancer, there have been no studies evaluating racial disparities with similar methodology. By using a single-healthcare payer database, we evaluate whether racial survival differences exist while controlling for demographics, tumor characteristics, comorbidities, and treatment in a system where all patients should receive equivalent cancer treatment.
Materials and Methods

Study design
To evaluate racial disparities between non-hispanic white and black patients in an integrated-managed care system, we conducted an investigation among RCC cases from a nested case-control study in the Kaiser Permanente Northern California (KPNC) health system [6] . Patients receiving care from KPNC were included in our study if they had been diagnosed with RCC (International Classification of Diseases for Oncology, third edition, site code C64.9) between 1998 and 2008. The demographic data were obtained from membership databases which include age, race/ethnicity (self-described), and sex. The cancer data were obtained from the Kaiser Permanente Cancer Registry, which reports directly to the Surveillance, Epidemiology, and End Results program. Cancer location, tumor size, T stage, grade, and AJCC stage, histology, treatment data, and survival are recorded for the registry using chart review. Comorbidity data (BMI, smoking history, hypertension, diabetes, CKD, any medical renal disease, and anemia) were defined using international classification of disease (version 9) coding associated with visits. Tumor AJCC stage was recoded in accordance with current seventh edition guidelines [18] . Vital status and the last follow-up date were available until December 31, 2013. The cause and date of death were assigned using a combination of cancer registry data and a mortality registry that concatenates state and federal mortality files, including primary cause of death from California death certificates.
Statistical analysis
All analyses were performed using SAS 9.3 (SAS Institute, Inc., Cary, NC) and R version 3. Overall survival (OS) was measured from the date of diagnosis to the date of death (based on the death certificate), alive patients were censored at the date of last follow-up date. Disease-specific survival (DSS) was measured from the date of diagnosis to the date of death caused by the disease, both alive patients and patients died due to other reasons censored at the last follow-up date and death date, respectively. The association of survival with clinical and prognostic factors was tested using the log-rank test. Prognostic factors that were significantly associated with DSS survival on univariate analysis and clinically relevant factors were included in a Cox proportional hazards model for multivariate analysis. Statistical significance was considered for P ≤ 0.05.
Results
Patient and disease characteristics
A total of 2445 patients were included, of which, 2152 (88.0%) were white and 293 (12.0%) were black. The median age of diagnosis for black patients was significantly lower than for white patients (62 years vs. 66 years, respectively, P < 0.001) ( Table 1) . Compared to white patients, a higher proportion of black patients had a history of hypertension (64.9% vs. 50.1%, P < 0.001), CKD (10.2% vs. 0.7%, P = <0.001), and anemia (10.2% vs. 0.7%, P = <0.001). There were no significant racial differences in BMI, diabetes, or smoking history.
Tumor characteristics significantly differed between white and black patients. Papillary histology was more frequent in black patients than in white patients (15.0% vs. 5.1%, P = <0.001). At diagnosis, black patients presented less frequently with metastasis (15.7% vs. 22.1%, P = 0.012) and had a greater frequency of localized disease (AJCC stage I/II) (70.2% vs. 62.2%, P = 0.008). Although, not reaching statistical significance, black patients tended to have smaller sized tumors (4.4 cm vs. 5.1 cm, P = 0.066). No racial differences were observed in tumor grade and nodal status. No statistical difference was found in the rate of surgical treatment between white and black patients (77.9% vs. 78.8%, P = 0.764).
In patients with clear cell subtype, black patients were diagnosed at a younger median age (63 vs. 66, P = 0.003). Black patients with clear cell RCC were less likely to be male (54.3% vs. 63.8%, P = 0.008) (Table S2 ). In patients with papillary subtype, the median age at diagnosis for black patients was similarly younger compared to white patients (57.5 vs. 64, P = 0.003). (Table S3) .
RCC deaths were more frequent in black patients compared to white patients (26.3% vs. 23.0%, P = 0.033). Median follow-up time in all the surviving patients was 7.24 years. In the univariate analysis, there is no significant difference in terms of overall survival between black patients and white patients (P = 0.21) (Fig. 1A) . The median OS time for black patients is 8.47 year with 95% confidence interval (6.86, 11.75) and the median OS for white patients is 7.74 year with 95% confidence interval (7.09, 8.43) . Multivariate analysis of OS demonstrated that advanced age, male gender, renal disease, larger tumor size, higher tumor grade and stage, and no surgical treatment were predictors of worse outcome (Table 2.) Race was also not found to be an independent predictor of OS (P = 0.463). Surprisingly, black patients were found to have improved DSS (P = 0.016) (Fig. 1B) . The 5-and 10-year DSS estimates for black patients versus white patients were 78% and 75% versus 71% and 67%, respectively. In univariate analysis, race, age, AJCC stage, grade, tumor size, histology, and no surgical treatment were found to be predictors of DSS (Table S1 ). In multivariate analysis, only larger tumor size, higher tumor grade, advanced AJCC stage and not being treated with surgery were found to be independent predictors of worse outcome. Age, histology, and race were no longer associated with DSS (Table 3) . DSS was also evaluated by specific histology. For clear cell RCC, DSS was nearly identical ( Fig. 2A) with a 5-year survival of 72% versus 70% for black patients versus white patients, respectively (P = 0.619). For papillary RCC, there was a trend for improved DSS for black patients with 5-year survival estimate of 92% versus 78% (P = 0.084) (Fig. 2B ).
Discussion
Using a large single-healthcare system database, we examined the clinicopathologic characteristics and survival outcomes for black and white patients with kidney cancer. In this single healthcare system, clinical practice guidelines exist to ensure patients receive equal access to care and appropriate guideline-based treatment. As expected in such a system, surgical treatment rates were similar across racial groups unlike what has been observed in population-based and other multicenter registries. Much of the care included in such an organization is driven by evidence-based, practice guidelines, something that may help to limit the variability in cancer treatment.
In our analysis, race was not an independent predictor of DSS and only well-established prognostic variables such as tumor size, stage, grade, and surgical treatment influenced outcomes. Despite papillary kidney cancer being three times more common in black patients and a more indolent RCC variant, histology did not appear to influence prognosis. The lack of a racial survival disparity observed contrasts with several previous studies using national registries that demonstrate worse survival for black patients with RCC [10, 12, 14] . Paradoxically, we noted that DSS was significantly improved in black patients prior to adjusting for other prognostic variables. This finding is likely driven by the racial differences observed in tumor characteristics in black patients including more favorable tumor stage, lower incidence of metastatic disease, and smaller tumors.
These survival results are consistent with recent study from Lin et al. who evaluated a similar sized cohort of RCC patients (2056 white and 370 black patients) treated at military treatment facilities within the Department of Defense's (DOD) health care system and found no differences in survival by race [19] . This consistency with our findings is noteworthy given the differences between our study population and that of Lin et al., which only included active-duty military personnel, retirees, and dependents. Despite the DOD health care system eliminating many barriers to access to care, patients frequently have supplemental health insurance and may receive some medical services outside the military system. Lin and colleagues also evaluated only overall survival, while we focused on DSS, a much more important measure of biologic aggressiveness. In a population with significant differences in age and comorbidity, an analysis of overall survival alone may mask potential racial differences in disease biology that can influence prognosis.
While our study and Lin's did not demonstrate a racial disparity in survival among black patients with kidney cancer, we must acknowledge that our cohort, despite equivalent access to care, is rather homogenous in many respects compared to other studies that may better reflect the population as a whole. It is widely known that racial disparities exist in employment, health coverage, and socioeconomic status. All black patients in this cohort likely received their healthcare coverage through their employer or their spouse, making them more likely to be in a higher socioeconomic group. We recognize these factors may affect treatment availability and options, something that was not accounted for in our analyses. Socioeconomic differences may largely explain disparities in cancer stage observed among black patients with various forms of malignancy [20] . Within RCC, lower socioeconomic status has similarly demonstrated an association with advanced tumor stage [21] . Not surprisingly, socioeconomic status significantly influences survival for a wide variety of cancers [22] .
Despite evaluating patients within a single healthcare system, among individuals with kidney cancer, there were A. Mafolasire et al. Racial Disparities in Renal Cell Carcinoma significant racial differences in both patient and tumor characteristics. The age at diagnosis of kidney cancer was significantly younger in black patients similar to other cohorts [10, 14, 19] . We found that papillary RCC was nearly threefold more common in black patients compared to white patients in our cohort. This is consistent with prior single institutional and national registry cohorts that demonstrate a similar increased frequency of papillary histology in black patients [7, 23] . Various factors could account for this finding. Specific risk factors for kidney cancer including hypertension, obesity, and chronic kidney disease greatly differ by race [5, 6] . Limited studies have evaluated how each of these factors influence the risk of specific histologic types of kidney cancer. Genetic differences may also contribute to a different distribution of histologic subtype. Recently, genome wide association studies (GWAS) have been performed in different racial groups. Interestingly, specific kidney cancer susceptibility loci may differ in the black population [24] . Future casecontrol studies evaluating kidney cancer susceptibility should focus on specific histologic subtypes, as the genomic basis of each differs greatly [25] .
The presence of comorbidities with known racial differences such as CKD and hypertension were significantly increased in black patients with kidney cancer. Both of these factors have been shown to increase kidney cancer risk and could explain some of the recent epidemiologic trends in kidney cancer incidence in black patients [5, 6, 26] . Additionally, there could be a detection bias in black patients, as often patients with an unknown cause of CKD undergo renal imaging to determine etiology. This practice could lead to an increased incidental detection and skew presentation toward earlier stage disease, resulting in a lead-time bias. With equal access to healthcare in the Kaiser system and potential early detection of CKD, racial differences in the stage of RCC, perhaps may be even more pronounced than observed in other healthcare systems.
To the best of our knowledge, this is the first study examining cancer-specific survival disparities in individuals with kidney cancer treated within a single regional healthcare system. We recognize that participation in such a healthcare system does not guarantee equal treatment; however, it can minimize disparate racial access. Another strength is that our data displays the added advantage of having cancer-specific outcomes especially since other common causes of mortality, including cardiovascular disease, also have racial disparities [27, 28] . Unlike studies based only on cancer registry data, we included comorbidity data such as CKD. Inclusion of this may be critical to survival analyses as a recent paper suggests renal comorbidities account for much of the observed racial disparity [29] . Besides influencing overall survival, comorbidities may influence specific treatment decisions and similarly affect cancer outcome. Information on systemic therapy was not available at time of recurrence; however, the equivalent rates of surgical treatment may serve as a surrogate of similar treatment at other stages of disease.
Conclusion
We found that within a large single healthcare system, while some patient and tumor characteristics differed between black and white patients with RCC, surgical treatment rates were similar and race was not an independent predictor of disease-specific survival. These studies suggest that the disparities in kidney cancer survival outcomes between black and white patients noted in national registries likely result from barriers to access to care rather than disease biology. Future work should focus on identifying, understanding, and then eliminating possible racial barriers to kidney cancer treatment in other healthcare systems.
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